Background: Test for Respiratory and Asthma Control in Kids (TRACK) questionnaires were developed and validated in various languages to monitor respiratory control in preschoolaged children. We aimed to assess the reliability and validity of the Korean version of the TRACK questionnaire. Methods: We administered the linguistically validated TRACK questionnaires to caregivers of asthmatic preschool children on two separate visits 4-6 weeks apart. Each physician graded the level of the guideline-based asthma control, assessed the timing of symptoms, and adjusted the therapeutic level at each visit. Results: A total of 137 children were enrolled in the study. Cronbach's alpha was 0.65 for a questionnaire as a whole. The test-retest reliability was 0.72. The median TRACK scores were significantly different between asthma control status categories, with the lowest scores in children classified as poorly controlled and the highest in the well-controlled group (P < 0.001). They were different among groups classified according to the physician adjusted therapeutic levels, with the lowest values in children prescribed step-up therapy (P < 0.001), and according to the recency of respiratory symptoms (P < 0.001). Finally, the changes in TRACK scores between visits were highest in subjects showing improved control, followed by unchanged, and worsened control. When we applied the traditional cut-off of 80 for a well-controlled condition, a sensitivity of 75.6% and a specificity of 70.9% were calculated. Conclusion: The Korean translated version of the TRACK questionnaire is valid and reliable to assess respiratory and asthma control in Korean preschool children with asthma symptoms.
INTRODUCTION
Asthma is the most common chronic childhood disease and the leading cause of childhood morbidity resulting in unscheduled medical utilization, emergency department visits, and hospitalizations. 1 To maintain good asthma control, an accurate assessment of the airway control status is particularly important. 2 Questionnaires have been utilized as essential tools in assessing asthma control. With the aid of information obtained directly from the caregiver or patient, physicians can evaluate the level of asthma control more efficiently, and then determine treatment level for the upcoming months. 3 Various asthma questionnaires have been developed for and applied to groups of adults, teenagers, and school-aged children. [4] [5] [6] For children aged 4 to 11 years, a validated questionnaire is utilized in clinical practice. [7] [8] [9] [10] [11] Both the children and their caregivers complete the questionnaire items together. For children younger than 5 years, a caregiver-based questionnaire, the Test for Respiratory and Asthma Control in Kids (TRACK), 11, 12 has been developed and validated in several languages. 13- 15 The Turkish and Spanish versions of the TRACK questionnaire, as well as the English version, accurately and reliably reflect asthma control in preschool-aged children.
The TRACK questionnaire has also been translated into Korean and has recently been linguistically validated 16 ; however, the accuracy and reproducibility has not yet been verified. In order to utilize the Korean version of the TRACK questionnaire in clinical practice and to collaborate with global research groups, it must first be determined that the Korean version is as valid and reproducible as the original English version.
In this study, we aimed to evaluate the reliability and validity of the Korean version of the TRACK questionnaire. We administered this questionnaire to caregivers of children with asthma symptoms during our regular clinical practice and assessed the reproducibility and clinical validity.
METHODS

Study population and design
Study participants were recruited from 8 pediatric allergy clinics from the Korean Childhood Asthma Research (KAERS) Group. Caregivers of asthmatic children younger than 5 years were invited to participate in the study from August 2016 to July 2017. Children were eligible if they met the following criteria: 1) a history of 2 or more episodes of wheezing, shortness of breath, or a recurrent cough that lasted more than 24 hours, and 2) either a previous asthma diagnosis by a specialist or an improvement in respiratory symptoms with aerosolized bronchodilator use. Children were excluded if they had respiratory conditions other than asthma that might affect their cardiopulmonary status (e.g., chronic lung disease or congenital heart disease).
TRACK questionnaire
The original TRACK questionnaire was developed in English to assess and monitor respiratory symptom control in younger children. 11 It is a 5-item questionnaire: 4 questions evaluate the impairment, and the other assesses the risk of asthma control. Each question within the table was scored on a 5-point scale, from 0 to 20, with a total score ranging from 0 to 100. High TRACK scores indicate that subjects have better respiratory control, and a score of less than 80 suggests poor control, 11,12 which is well-replicated in other language versions of the TRACK questionnaire. 13,14 To test the reliability and validity, we adopted the Korean version of the TRACK questionnaire that was validated linguistically in a previous study through a multistep process of forward-translation, reconciliation, back-translation, cognitive debriefing, and proofreading. 16 
Study design and procedures
During the study period, all caregivers visited each center at least two times, as an initial (baseline) visit and a follow-up visit occurring 4-6 weeks apart. At the baseline visit, we collected demographic data from children and their accompanying caregivers. We administered the questionnaires to caregivers before meeting with physicians on every visit; by doing so, the caregiver responses would be blinded to each physician. During the patient encounter, each physician assessed the currentness of symptoms, graded the level of respiratory control based on the National Asthma Education and Prevention Program Expert Panel Report (NAEPP EPR) 3 guideline recommendations, 3 and adjusted the therapeutic level at each visit. Children's respiratory symptoms were classified into 3 categories according to the presence or persistence of wheezing, shortness of breath, or a recurrent cough: currently symptomatic (episodes in the previous 4 weeks and in the previous 12 months), symptomatic in the recent past (episodes in the past 12 months, but not within the past 4 weeks), or asymptomatic (no episode for more than 12 months). Asthma control was also graded as one of the following three categories: well-controlled, not well-controlled, or poorly controlled. Finally, therapeutic levels were adjusted to either a step-up in therapy, no change, or a stepdown in therapy.
Reliability
We assessed the internal consistency of the Korean version questionnaire by evaluating the Cronbach's alpha for the total items. The test-retest reliability was assessed through the intra-class correlation (ICC) between TRACK scores at the baseline and follow-up visits in a subgroup of patients whose control levels were well-controlled on both visits. 17
Validity
Construct validity was assessed using the known-groups validity approach. 18 To assess the discriminant validity, we compared baseline TRACK scores across the three asthma control categories. We also compared the TRACK scores across the three categories of therapeutic adjustment and the currentness of respiratory symptoms at the baseline visit. To assess TRACK's sensitivity to change in respiratory control, we compared the changes in TRACK scores across the three groups in whom the level of control was improved, unchanged, or worsened between the initial and follow-up visits. The receiver operating characteristic (ROC) curve analyses were applied to TRACK scores at baseline and follow-up visits to determine the cut-off TRACK scores for differentiating subjects who are in good respiratory control from other subjects.
Statistical analysis
We adopted the one-way ANOVA or Kruskal-Wallis non-parametric method to compare TRACK scores across groups as appropriate. The cut-off points for discriminating between well-controlled groups and the others were set using the ROC curve analysis. Statistical analysis was done with the R statistic software (version 3.3.2; R Foundation for Statistical Computing, Vienna, Austria), and a statistical significance level was set at P < 0.05.
Ethics statement
The current study was approved by the Institutional Review Boards ( 
RESULTS
Patient population
A total of 137 children (67.2% male) participated in the study. The demographic characteristics of patients and caregivers are listed in Table 1 . The mean ± standard deviation (SD) age of the patients was 3.5 ± 1.1 years and that of the caregivers was 36.9 ± 7.6 years. Most (91.2%) caregivers were the patients' mothers and 40.2% of subjects exhibited wellcontrolled status.
Reliability
Cronbach's alpha was 0.65 at baseline and 0.68 at the follow-up visit for the questionnaire as a whole. When the fifth item was excluded from the analysis, the Cronbach's alpha for baseline visits increased to 0.72. The intraclass correlation coefficient for test-retest reliability was 0.72 (95% confidence interval [CI], 0.48-0.85, P < 0.001) for a subgroup of children whose guideline-based levels of control were well-controlled at both visits (n = 42). 
Validity
The median TRACK scores across the subject groups concerning the levels of respiratory control and the therapeutic-plan adjustment are listed in Table 2 . The median TRACK scores differed significantly among the well-controlled, not well-controlled, and the poorly controlled groups (P < 0.001 at both visits), with the highest value reflected in the wellcontrolled group (median, 85.0; interquartile range [IQR], 75.0-95.0) and the lowest in the poorly controlled group (median, 55.0; IQR, 42.5-67.5) at the baseline visit. At the follow-up visit, a similar trend was observed across the subject groups (P < 0.001).
On the other hand, TRACK scores differed significantly across the groups categorized by the physicians' therapeutic plan adjustment (i.e., step-down, no change, and step-up) (P < 0.001 at both visits), with the highest value reflected in the step-down group (median, 92.5; IQR, 81.5-100.0) and the lowest in the step-up group (median, 65.0; IQR, 50.0-75.0) at the baseline visit. At the follow-up visit, a similar trend was observed across the treatment level modifications (P < 0.001). Table 3 shows the baseline TRACK score of subject groups according to the currentness of respiratory symptoms. There was a significant difference in TRACK scores (P < 0.001); those who had current asthma symptoms presented the lowest TRACK scores (median, 65.0; IQR, 47.5-75.0) and those who did not have asthma symptoms within the past 12 months had the highest TRACK scores (median, 92.5; IQR, 80.0-100.0).
Responsiveness
The responsiveness of the TRACK questionnaire to the changes in respiratory condition has also been evaluated: the difference in the TRACK score changes from baseline to followup visit is depicted in Fig. 1 . Among the three categories of condition changes (improved, unchanged, and worsened) TRACK scores differed significantly (P < 0.001), with the highest, positive values reflected by those who had improved condition (median, 15.0; IQR, 5.0-25.0), and the lowest, negative values by those who had a worsened respiratory condition (median, −10.0; IQR, −22.5, −7.5).
ROC curve analysis
We calculated the best cut-off for differentiating subjects with a well-controlled condition from the not-well-controlled or poorly controlled conditions (Fig. 2) . At the baseline visit, TRACK scores of 75 displayed the best sensitivity and specificity (64.6% and 83.6%, Step down No change
Step up P value Baseline TRACK score, median (IQR) n = 55 n = 54 n = 28 < 0.001 n = 22 n = 71 n = 44 < 0. respectively) with an area under the curve (AUC) of 0.83. At the follow-up visit, TRACK scores of 80 were suggested from the ROC curve analysis as the best cut-off for differentiating subjects with well-controlled respiratory condition (sensitivity 69.0%; specificity 75.3%; and an AUC of 0.76; IQR, 0.66-0.85; P < 0.001, respectively; figures not suggested). When we apply the traditional cut-off of 80 from the various versions of TRACK questionnaires to the baseline visit TRACK scores, a sensitivity of 75.6% and a specificity of 70.9% were calculated from the ROC curve analysis. 
DISCUSSION
In this study, we assessed the reliability and validity of the Korean version of the TRACK questionnaire in Korean children younger than 5 with asthma symptoms. The Cronbach's alpha for the total items, and the intraclass correlation of the TRACK scores of both visits, were at an acceptable level. TRACK scores were different between groups when we classified subject groups according to the level of asthma control, the modification of therapeutic plans, the timing of asthma symptoms, and the change in control levels. ROC curve analysis showed that the cut-off point of 80, as suggested by previous studies for the baseline visit, has good sensitivity and specificity.
We found the Korean version of the TRACK questionnaire to be reliable and reproducible. The Cronbach's alpha values at baseline and follow-up visits were 0.65 and 0.68 respectively, which were below the accepted level of 0.70. 19 But the value of the baseline visit increased to 0.72 when we excluded the fifth item of the TRACK questionnaire from the analysis. This finding is similar to that of the previous study, 12 where the Cronbach's alpha values for the original version were 0.68 at the baseline and 0.64 at the follow-up visit. Those values were increased to 0.76 at the baseline visit, when the fifth item was excluded from the analysis. These findings imply that the initial 4 items in the questionnaire reflect the same aspects of asthma control, and the other fifth item represents another element, which corresponds with the impairment and the risk domain of asthma control, respectively. As for the reproducibility, we evaluated the test-retest reliability and found a good ICC value of 0.72. 20 We confined the analysis only to well-controlled subjects at both visits, because the variation within the control status is minimal in well-controlled subjects in comparison with not wellcontrolled or poorly controlled subjects.
The TRACK scores showed significant differences among the control levels, which is the primary finding of our study. The original version of the TRACK questionnaire and other language versions 12-14 consistently shown a significant difference between groups: the highest level in subjects of the well-controlled group and the lowest in the poorly controlled group. These results indicate that the items of the TRACK questionnaire reflect the essential determinant of asthma control, regardless of language or country. On the other hand, the TRACK scores were different between groups classified according to therapeutic plan: the highest level in subjects that needed the step-up therapy and the lowest in those who could afford the step-down treatment. Similarly, the currentness of symptoms is also reflected in the TRACK score. Those subjects who presented current respiratory symptoms had the lowest TRACK scores. These findings are in accordance with the previous findings, 12-14 and suggest that the Korean TRACK questionnaire has adequate validity. Moreover, these findings imply that the Korean version may also be applied to global studies comparing treatment outcomes, as well as to clinical practice.
The TRACK questionnaire also reflected changes in the patients' asthma conditions. The change in TRACK scores between the two visits was significantly different among groups when we classified the subjects according to changes in their levels of respiratory control: those who presented an improved level of respiratory control, (i.e., from poorly controlled to not-well controlled or well-controlled, and from not-well controlled to well-controlled) showed the highest TRACK score changes. On the other hand, those who showed worsened respiratory control displayed a negative value and the lowest TRACK score changes. The similar trend between the change in control status and that in the TRACK score may 7/10 https://jkms.org https://doi.org/10.3346/jkms.2019.34.e25
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indicate that the TRACK score is a sensitive tool for reflecting the change in subjects' respiratory control.
One of the additional benefits of using the asthma questionnaire is that the patients or caregivers who complete the questionnaire can proactively understand their asthma conditions. By setting up the cut-off point, the patients/caregivers may cooperate with physicians to keep their asthma in good control. Previous TRACK questionnaires in various language versions have suggested cut-off scores of 80 to screen subjects out of the "well-controlled" group and allow them to consult with their physicians. 11,13,14 In our study, the ROC curve indicated 75 and 80 as the best cut-off for differentiating well-controlled subjects from the others at the baseline and follow-up visits, respectively. This inconsistency in the best cut-off TRACK scores between visits has already been shown in the validation study of the original TRACK questionnaire, which calculated the best cut-off as 75 and 85 for the baseline and follow-up visits, respectively. 12 Therefore we evaluated the sensitivity and specificity of the cut-off point of 80, a universally accepted cut-off determined by the various versions of TRACK questionnaires instead, and we found a sensitivity of 75.6% and a specificity level of 70.9%, which we consider acceptable to screen asthmatic subjects who need to consult with their physicians.
In this study, there was a discrepancy between the level of control and the therapeutic plan, which indicates that subjects with well-controlled asthma received either a step-down therapy or no change in their treatment, whereas physicians recommended either a step-up therapy or no change to subjects with not well-controlled asthma. A recent report found that Korean pediatric asthma specialists frequently modify prescriptions based on their individual decisions, rather than following the international guidelines unconditionally. 21 Therefore, the TRACK score should not be interpreted as a need to change their therapeutic plans; rather it should only be interpreted concerning a need to consult with their physicians.
There are two ways of adopting the asthma questionnaire: to translate an existing foreign questionnaire, or to create a new one. A Japanese pediatric society recently built a new questionnaire, the Best Asthma Control Test for Preschoolers (BEST ACT-P), for children aged < 6 years. They weighed the virtue of Japanese-specific optimization for younger Japanese children. 22 However, our study focused more on the universal adaptability that enables us to collaborate internationally. Additionally, we already completed the linguistic validation of the Korean translated TRACK questionnaire, 16 which enhanced the feasibility of developing a Korean asthma questionnaire through a translation for younger children. Although the TRACK questionnaire is no longer the only questionnaire suitable for subjects < 5 years, this study would give more credit to the TRACK questionnaire as a standard tool for assessing respiratory control in younger children aged < 5 years.
Our study has enrolled a relatively small number of patients compared to the number of centers involved. Since we gathered a minimum number of variables, it may not be possible to adjust variation across centers. Although the physicians who participated in this study were national board-certified allergy specialists, there might be individual variation in determining the level of treatment across centers. Another limitation of our study is the issue of asthma diagnosis. We enrolled subjects with physician-diagnosed asthma, or recurrent wheezing with symptomatic bronchodilator responsiveness, which may not coincide with the classical diagnostic criteria within the older age groups. Finally, environmental or background factors (i.e., caregiver opinions or changes in the season or weather) might have affected the results.
In conclusion, the Korean translated version of the TRACK questionnaire has adequate reliability, validity, and responsiveness. This questionnaire may enable us to evaluate the level of asthma control more efficiently and reliably in our daily practice or global studies.
